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Introduction
During RAN#86 meeting, NR MBS WI was approved [1]. One of the objectives is to study the support for dynamic control of the Broadcast/Multicast transmission area within on gNB-DU and specify what is needed to enable it. In this contribution, we will analyze the characteristic of broadcast/multicast area transmission area and then discuss how to support the dynamic transmission area control. 
	Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:

Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]


Discussion
According to the NR MBS WID [1], broadcast/multicast feature support could provide substantial improvements, especially in regards to system efficiency and user experience. And the use cases identified for MBS services over 5GS include but not limited to public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications. Generally speaking, broadcast uses a downlink-only point-to-multipoint connection from the network to multiple UEs. The content is transmitted to all UEs in a geographical area and users are free to choose whether to receive it or not. For multicast, it uses a downlink-only point-to-multipoint connection from the network to a managed group of UEs. The content is transmitted to the whole group and only users belonging to the group can receive it. For both broadcast and multicast, the geographical area of the network where MBS can be transmitted is called an broadcast/multicast service area. 
Overview of Multicast/broadcast service area in LTE
In LTE MBMS design, application/service layer provides UE with USD (user service description) info, which includes the MBS service TMGI, frequency and MBMS service area identities (MBMS SAIs) belonging to the MBMS service area. In addition, system information (i.e. SIB15) includes the MBMS SAIs of the current frequency and neighbor frequency. Then UE may detect on which frequency/cell a service is provided based on SIB 15 and USD. In this case, the MBMS SAIs of each cell may be pre-configured at eNB  by OAM. And the MBMS SAIs of neighboring cell may be provided by X2 signalling or OAM. 
On the other hand, the MBMS service area info may be determined during MBMS Session Start/Update procedure. At Session Start and Session Update, the MME provides the a list of MBMS SAIs and/or a list of cell IDs, to the MCEs, which is then further delivered by MCE to relevant eNB.

Observation 1: In LTE MBMS, the MBMS service area may be pre-configured or determined during the MBMS session start/update procedure. 
For a given MBMS service (identified by TMGI), it may happen that different contents are transmitted in different areas. In this case, FlowID may be included in MBMS session start request to identify different sub-sessions belong to the same MBMS service. It should be noted that the MBMS service areas for these sub-session should be not partly or completely overlapping. 

Compared with the traditional MBMS broadcast area, it is identified in TR 36.885 that the V2X message is broadcast in a small range of area and such area may be dynamically changed due to the movement of the vehicle UE. For example, in the V2V use case for emergency vehicle warning, it is expected that the surrounding vehicles within 300-500 meters range from the emergency vehicle UE should be able to receive the V2X message. The V2X message broadcast area will be changed along with the vehicle UE’s movement as shown in Figure 1. According to TR 36.885, it is generally assumed that V2X server can decide the V2X broadcast area (in terms of one or more cells) based on the V2X message received from the transmission UE. For the V2X messages from different V2X UEs, different broadcast areas and even overlapping areas may be associated with them. In order to support the small and even overlapping MBMS areas for V2X, it is specified in TS 36.300 that single TMGI in non-overlapped MBMS service areas or multiple TMGIs in overlapped MBMS service areas may be used.
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Figure 1 A example of dynamic V2X message broadcast area
Observation 2: The V2X broadcast area has following three features: 1) V2X message is broadcasted in a small range of area; 2) V2X broadcast area may be dynamically changed; 3) different V2X messages may be broadcasted in overlapping MBMS areas. 
Observation 3: In LTE MBMS, single TMGI in non-overlapped MBMS service areas or multiple TMGIs in overlapped MBMS service areas may be used to support small MBMS areas for V2X. 
Characteristics of multicast/braodcast service area in 5GS

When it comes the the MBS in 5GS, it is necessary to first clarify the characteristic of multicast/broadcast service areas.   For traditional broadcast service, the semi-statically configured broadcast/multicast service area should be reused in 5GS. However, more scenarios requires the dynamic control of broadcast/multicast transmission area. In our opinion, the following scenarios should be considered : 

For group-based communication, the multicast transmission area is determined by the geographic location of group members joined to this group. In addition, the multicast transmission area may be changed with group member’s movement. 

According to TR 23.757, some V2X and public safety services may be provided locally. There may be a multicast or broadcast communication services only available in a local service area and for a specific time. 

 As discussed in LTE V2X, for a given V2X broadcast service, the V2X broadcast area is based on the V2X message received from the transmission UE. For the V2X messages from different V2X UEs, different local and partially overlapping broadcast areas should be considered.  
According to TS 23.287, a range parameter is associated with the QoS parameters for the NR PC5 based V2X groupcast communication. The Range indicates the minimum distance that the QoS parameters need to be fulfilled. For example, when the receiving UEs are not within the Range specified distance from the transmitting UE, the communication is best effort. The HARQ feedback and re-transmission does not need to be supported for UE outside the range. We think this range based QoS guarantee should be considered for MBS based V2X support. 
Proposal 1: Similar to LTE MBS, the following features of multicast/broadcast service area should be considered for NR MBS: 1) dynamic area; 2) local area; 3) overlapping area; 

Observation 4: For the NR PC5 based V2X groupcast, range based QoS guarantee is supported. Range indicates the minimum distance that the QoS parameters need to be fulfilled. For the Rx UEs outside the Range specified distance from the Tx UE, the communication is best effort and the HARQ feedback/re-transmission does not need to be supported.
Proposal 2: In order to support the NR V2X groupcast scenario, range based QoS guarantee should be considered in NR MBS. 
Design consideration of dynamic control of multicast/broadcast area
For the dynamic control of multicast/broadcast service area, the following two issues are raided in SA2 and also need to be discussed in RAN. 
Issue 1: from network perspective, how to determine the multicast/broadcast service area used for MBS sessions and how to indicate the multicast/broadcast service area? 
Issues 2: from UE perspective, how to discover and receive multicast/broadcast services which is available locally in 5G system?

Issue 1

For Issue 1, different multicast/broadcast service may use different method to determine the multicast/broadcast transmission area. For traditional broadcast service, the semi-statically configured broadcast/multicast service area could be reused in 5GS. For the group-based communication, the multicast service area could be determined by the geographic location of all the group member UEs. The geographical location of group member UEs may be obtained via existing positioning services or it can be determined by the cell level granularity (i.e. the cell that UE resides). For the V2X broadcast service, the V2X broadcast area may be defined as a circle area with certain desired range around the Tx V2X UE. V2X server can decide the V2X broadcast area based on the V2X message (include the location information) received. 

Based on the determined multicast/broadcast transmission area, the 5GC may send the MBS service area information to the gNB together with other MBS configurations. In our opinion, the MBS service area information could be indicated in the following ways:

Option 1: For the semi-statically configured broadcast/multicast service area, the SAIs supported on each concerned cells could be pre-configured on gNB. During the MBMS session start procedure, the 5GC may send the MBS SAI information to the gNB to indicate the broadcast/multicast service area.  gNB may then determine which cell should be involved in the MBS transmission based on the pre-configured SAI.  
Option 2: For the dynamically changed broadcast/multicast service area, 5GC may determine the cells belong to broadcast/multicast service area and then send the list of cell IDs to the gNB to indicate the broadcast/multicast service area during the MBS session start/update procedure.
Option 3:  For the multicast communication, 5GC determines the cells/gNB the group members reside and then send the list of UEs to the concerned gNB to indicate the multicast service area during the MBS session start/update procedure. gNB may then determine which cells should be involved in the MBS transmission based on the connected UEs.  
Option 4: For the local area support, 5GC may determine the cells/gNBs that belong to the local broadcast/multicast service area and then send indicate the area with geographical location and range information to the concerned gNB during the MBS session start/update procedure. gNB may then determine which cells should be involved in the MBS transmission based on the area information.  
In a sum, Option 1 and 2 are essentially specified in LTE MBMS. It can be reused as baseline for NR MBS. Option 3 directly indicates the concerned UEs, which could inform gNB how many UEs in a cell should receive the MBS transmission. It is beneficial for gNB to determine whether PTP or PTM should be used. However, this option could not support the RRC_IDLE UE. For Option 4, it may support more accurate transmission area indication. However, it is necessary to collect the potential transmission area patterns and then specify how to indicate these geographical area patterns. In addition, all the Rx UEs should be aware of its geographical location to detect whether it moves to the transmission area. It should be noted that in order to support range-based QoS guarantee, multiple multicast/broadcast areas with different range and QoS requirements may be associated with one MBS session. Option 2, 3 and 4 could be able support this feature. 
Observation 5: From network perspective, the multicast/broadcast service area could be determined by 5GC or application server. 

Proposal 3: The multicast/broadcast service area associated with a MBS session could be indicated to gNB during MBS session start/update procedure via the following options: 1)  semi-statically configured SAIs; 2)  the list of cell IDs; 3) the list of UEs; 4) geographical area with location and range information.

Proposal 4: Option 1 and Option 2 should be considered as baseline for NR MBS service area indication. 
Issue 2

As mentioned before, in LTE MBMS design, UE detects whether the multicast/broadcast services is available for a given cell based on the TMGI and or MBMS SAI info included in system information and USD. When it comes to NR MBS, LTE based approach could be reused for traditional broadcast service. For the dynamic transmission area control, more flexible approach could be considered. 

Upon receiving the broadcast/multicast service area info during the MBS session start/update procedure, gNB may determine which cells should be involved in the MBS transmission. In addition, gNB may further determine whether PTP or PTM shall be used for the MBS data delivery. Nevertheless, gNB may send the supported MBS service identifier (e.g. TMGI or other identifier) for a given cell to UEs via system information or dedicated signalling. Then UE could be aware if its interested MBS service is supported on this cell or not.  

In order to support the geographical area with location and range information, gNB may send the geographical area info together with the MBS service identifier to UE. Suppose UE is interested to this MBS service, it may further check whether it locates in this associated geographical area and then decides whether to receive this MBS service. 

Proposal 5: gNB may send the supported MBS service identifier (e.g. TMGI or other identifier) for a given cell to UEs via system information or dedicated signalling. Then UE could detect if its interested MBS service is supported on this cell or not.  
Conclusion
we will analyze the characteristic of broadcast/multicast area transmission area and then discuss how to support the dynamic transmission area control. And we have the following observations and proposals:

Observation 1: In LTE MBMS, the MBMS service area may be pre-configured or determined during the MBMS session start/update procedure. 
Observation 2: The V2X broadcast area has following three features: 1) V2X message is broadcasted in a small range of area; 2) V2X broadcast area may be dynamically changed; 3) different V2X messages may be broadcasted in overlapping MBMS areas. 
Observation 3: In LTE MBMS, single TMGI in non-overlapped MBMS service areas or multiple TMGIs in overlapped MBMS service areas may be used to support small MBMS areas for V2X. 
Proposal 1: Similar to LTE MBS, the following features of multicast/broadcast service area should be considered for NR MBS: 1) dynamic area; 2) local area; 3) overlapping area; 

Observation 4: For the NR PC5 based V2X groupcast, range based QoS guarantee is supported. Range indicates the minimum distance that the QoS parameters need to be fulfilled. For the Rx UEs outside the Range specified distance from the Tx UE, the communication is best effort and the HARQ feedback/re-transmission does not need to be supported.
Proposal 2: In order to support the NR V2X groupcast scenario, range based QoS guarantee should be considered in NR MBS. 
Observation 5: From network perspective, the multicast/broadcast service area could be determined by 5GC or application server. 

Proposal 3: The multicast/broadcast service area associated with a MBS session could be indicated to gNB during MBS session start/update procedure via the following options: 1)  semi-statically configured SAIs; 2)  the list of cell IDs; 3) the list of UEs; 4) geographical area with location and range information.

Proposal 4: Option 1 and Option 2 should be considered as baseline for NR MBS service area indication. 
Proposal 5: gNB may send the supported MBS service identifier (e.g. TMGI or other identifier) for a given cell to UEs via system information or dedicated signalling. Then UE could detect if its interested MBS service is supported on this cell or not.  
Reference
RP-193248, New WID on NR support of Multicast and broadcast services, Huawei, December, 2019.
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